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The multicenter studies, European carotid
surgery trial (ECST)1,2 and North American symp-
tomatic carotid endarterectomy trial3 demonstrated
that it is possible to reduce the risk for stroke in
symptomatic patients with high-grade carotid artery
stenosis by means of carotid thromboendarterecto-
my (CEA), provided that the postoperative compli-
cation rate is lower than 7%. The early complications
after carotid surgery may depend on ischemia with-
in related cerebral territories because of carotid
crossclamping, perioperative embolization, or early
postoperative carotid occlusion. A rare, but serious,
complication is the so-called hyperperfusion syn-
drome,4 which depends on hyperemia after the re-
establishment of normal carotid blood flow.
At our carotid center, the indication for surgery is
set after consensus among vascular surgeons, neurolo-
gists, radiologists, and clinical physiologists. The deci-
sion is based on the patient’s clinical state and on diag-
nostic tests, such as Duplex ultrasound scanning of the
neck vessels, transcranial Doppler scanning, computer
tomography of the skull, and selective carotid angiog-
raphy. Because we were confronted with cases of
severe postoperative hyperperfusion syndromes, the
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question arose as to whether it would be possible to
identify risk factors for severe postoperative complica-
tions among the preoperatively assessed data.
We reviewed the cerebrovascular risk factors in
all patients with early postoperative complications,
the preoperatively performed investigations of the
carotid bifurcation and the internal carotid stump
pressure (StP) measurements after carotid cross-
clamping. The findings were compared with those
from patients within a disease-matched control
group who underwent CEA without complications.
MATERIAL AND METHODS
Material. From 1987 to 1996, 450 patients
underwent CEA at our center because of sympto-
matic internal carotid artery (ICA) stenosis.
Fifteen patients (6 men) experienced the develop-
ment of postoperative neurologic complications
within 1 week after CEA. The early postoperative
complications were classified as major stroke
because of hyperperfusion syndrome (5 patients),
major ischemic stroke (2 patients), minor stroke (5
patients), repeated transient ischemic attacks
(TIAs; 1 patient), and amaurosis fugax (AFX; 2
patients). One patient with a probable hyperperfu-
sion syndrome was excluded because of incomplete
ultrasound scanning data. The remaining 14
patients were assigned to a patient group with
early postoperative symptoms (S-group). Twelve
of the 14 patients underwent CEA because of
high-grade symptomatic ICA stenosis (80%-98%
according to angiography and Doppler scanning).
The other two patients with ICA-stenoses of 60%
to 70% underwent operation according to the
ECST study protocol.1 Contralateral occlusion or
tight stenosis (85%-98%) was found in 5 of the
patients.
Two of the four patients classified with postopera-
tive hyperperfusion died. In both patients, early com-
puted tomography scans were without new abnormal-
ities. One patient had hemiplegia and poor conscious-
ness immediately after awakening from anesthesia.
Massive intracerebral hemorrhage was diagnosed
approximately 12 hours after surgery. In the other
patient, hemiparesis appeared 1 hour after awakening
from the anesthesia. This patient had severe ICA dis-
ease combined with contralateral ICA occlusion
before the operation. Forty-four days after surgery, the
patient’s condition deteriorated, and he died of new
infarctions and mesencephalic hemorrhage.
The other two patients survived the probable
hyperperfusion syndrome with remaining neuro-
logic sequelae. One had epileptic seizures and
blood pressure increase 3 days after the operation.
Computed tomography showed central edema but
no clear hemorrhagic transformation. Slight hemi-
paresis developed, but the patient recovered
almost completely with respect to initial motor
dysfunctions and was completely independent.
The other patient had epileptic seizures and intrac-
erebral bleeding 5 days after the operation.
Complete hemiparesis, severe dysphasia, and an in-
tensive care–treated status epilepticus developed.
Functionally, this patient became dependent in
several activities of daily living.
The two patients with major ischemic stroke
experienced the development of infarctions within
the contralateral hemisphere, in one case with water-
shed localization. The preoperative investigations
showed occlusive or high-grade (95% stenosis) con-
tralateral ICA disease, respectively. Both patients
were discharged from the hospital with considerable
neurologic deficits.
The eight patients who had postoperative minor
stroke, TIA, or AFX recovered without residual
symptoms. In three of these patients, significant
contralateral ICA disease was stated before the oper-
ation (ie, two cases with stenosis of the contralateral
ICA [80%-90%] and one case with contralateral ICA
occlusion).
Forty-two patients without postoperative compli-
cations (C-group, 29 males) were chosen from all
patients treated with CEA since 1987. The patients
were selected to match the S-group with respect to
age and functional grade of stenosis (ie, the maximum
systolic flow velocity [Vs] within the ipsilateral and
contralateral ICA). Duplex measurements were per-
formed bilaterally in ICA 1 to 2 weeks before CEA.
The mean age ± 1 SD was 67 ± 7 years in the C-
group compared with 64 ± 7 years in the S-group. The
mean Vs ± 1 SD in the C-group was 464 ± 97 cm/sec
compared with 462 ± 102 cm/sec in the S-group. The
frequency of 85% to 100% diameter reduction in con-
tralateral ICA was 36% in both groups.
The sample size of the control group was set to
secure three matched controls for each symptomatic
patient. 
Methods.  The preoperative ultrasound scans of
the extracranial carotid and vertebral arteries were
available on S-VHS videotapes. The investigations
had been performed by technicians or physicians
using two-dimensional color Duplex ultrasound
scanning5,6 (Acuson 128 XP: Acuson, Mountain
View, Calif) for B-mode imaging (5-7 MHZ) and
blood flow velocity measurements (5-MHZ pulsed
Doppler scanning, angulated ≤ 60 degrees against
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the blood stream vector). All scans were reviewed
with respect to the maximum systolic (Vs) and the
late maximum diastolic flow velocities (Vd) within
the symptomatic ICA stenosis. According to
Zbornikova et al,7 the grade of stenosis was func-
tionally assessed by means of the maximum systolic
blood flow velocity.
All patients had also undergone selective carotid
angiography,8 in which the grade of stenosis was
reviewed according to the ECST protocol.1 The
ECST method expresses the residual lumen of the
stenosis in percent of the estimated arterial diameter
at the point of the maximum diameter reduction.
This results in higher values than the alternate North
American symptomatic carotid endarterectomy trial
method.3
In all patients, CEA was performed under general
anesthesia, which was induced with thiopentone 4 to
5 mg/kg body weight and maintained with 30%/70%
oxygen/nitrous oxide mixture with isoflurane added.
Fentanyl was used intermittently in doses of 0.001
mg/kg body weight for pain relief. Muscle relaxation
was achieved with pancuronium and vecuronium.
The systemic blood pressure was monitored
throughout the operation. Systolic ICA StP (StPs)
was measured in all patients distally to the cross-
clamps of the carotid arteries. Both common carotid
artery and external carotid artery were clamped. In
77% of all patients (33 patients in the C-group and
10 patients in the S-group), diastolic StP (StPd) data
were also available. Each intra-arterial pressure was
measured in relation to 5 cm beneath the patient’s
sternal angulus. All operations were performed with-
out shunting between the common carotid artery
and distal ICA. 
Statistics. Values represent means ± SD unless
otherwise stated. The Student t test was used for
independent observations, and Fisher exact test and
linear regression analysis with the least square
method were used. A P value of less than .05 was
considered significant.
RESULTS
Table I shows the frequency of hypertension,
hypercholesterolemia, diabetes mellitus, preopera-
tive TIA/AFX and strokes, history of cardiac and
cerebral infarctions, and ischemic heart disease for
the patients. Differences in risk factors between the
S- and C-groups were not significant (Fisher exact
test). Five of the six patients with postoperative
major stroke had a history of stroke (four patients
had minor and one patient had major stroke). In the
patient group of postoperative minor stroke or
TIA/AFX, two patients were found with a history of
minor stroke. Nevertheless, the frequency of history
of minor stroke was similar in the S-group and C-
group.
Table II shows findings of selective carotid
angiography in both patients groups. Differences
between the C- and S-group are not significant.
Table III demonstrates that Vd within the ipsilat-
eral ICA-stenosis was higher in patients with early
postoperative major stroke as compared with the
control patients. Nevertheless, patients with symp-
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Table I. Frequency of preoperative cerebrovascular risk factors and symptoms in patients with early com-
plications after CEA (S-group, n = 14 patients) and control subjects (C-group, n = 42 patients)*
Cerebrovascular risk factor C-group† (%) S-group‡ (%) Minor stroke/TIA/AFX§ (n) Major stroke (n)
Hypertension 52 57 4 4 
Hypercholesterolemia 26 29 2 2 
Diabetes mellitus 17 43 2 4 
Qualifying event:
TIA/AFX 60 71 6 3 
Clinical minor stroke 36 36 2 4 
Clinical major stroke 0 7 0 1 
Ipsilateral CI (CT) 40 50 3 4
Contralateral CI (CT) 14 14 2 0 
Ischemic heart disease 26 29 2 2 
History of myocardial infarction 14 7 0 1 
CI, Cerebral infarction; CT, computed tomography. 
*The patients in the S-group are further divided into two subgroups: patients with early minor stroke, TIA, and AFX (n = 8 patients)
and patients with early postoperative major strokes (n = 6 patients). With the use of the Fisher exact test, significant differences between
the groups were not observed.
†N = 42 patients.
‡N = 14 patients.
§N = 8 patients.
N = 6 patients.
toms of postoperative minor strokes, TIA, or AFX
had Vd values that did not differ from the C-group. 
Patients with major strokes were separable from
the other patients, in which case Vd was expressed in
relative units of Vs, (ie, Vd/Vs). In all patients with
major stroke, the Vd/Vs exceeded the 50% level,
whereas control patients and those patients with
minor strokes and TIA/AFX had Vd/Vs mean values
of less than 50%. Table III also shows that patients
with major strokes had lower systolic stump pres-
sures (StPs), whereas the StPs of patients with minor
strokes, TIA, or AFX did not differ from the C-
group. With concern of the diastolic stump pressures
(StPd) similar tendencies were observed. However,
differences between patients with major stroke and
control patients were not significant, which might
be due to the smaller sample size in the major stroke
subgroup.
Fig 1 displays a correlation between Vd and the
corresponding values of StPd in all patients with
angiographic ICA stenosis of 75% or more (37
patients with or without postoperative complica-
tions). This correlation was not significant in those
six patients with an angiographic ICA stenosis of less
than 75%.
In the whole group of 56 patients, 15 patients
with Vd/Vs of more than 50% were identified. In this
group, six cases with early postoperative major stroke,
one minor stroke, and one AFX were seen. In this
group of 15 patients, six patients had contralateral
ICA occlusion, two patients with major stroke and
one patient with AFX. In 12 of these 15 patients, StPd
was available, mostly showing low values (24 mm Hg
± 11 mm Hg [SD]).
DISCUSSION
A review of all carotid thromboendarterectomies
at our center from 1987 through 1996 revealed that
early postoperative neurologic complications appeared
in 3% of all patients (seven major strokes, five minor
strokes, two AFXs, and one TIA). All patients with
postoperative major stroke had a very tight ICA steno-
sis before the operation. Most of the early postopera-
tive strokes (five of seven patients) were classified as
hyperperfusion syndromes, a highly dangerous com-
plication of CEA caused by multifactorial pathophysi-
ologic events.4,9 Hitherto, we have no clear explana-
tion for the relative high frequency of hyperperfusion
syndrome among the patients with early postoperative
complications. Various factors might contribute, such
as the vasodilation effects of the anesthesia protocol, a
state of perioperative cerebral hypoperfusion, and/or
autoregulative incompetence because of a history of
long-term low-pressure perfusion of the middle cere-
bral artery. Three of the patients with suspected hyper-
perfusion syndrome had intracerebral bleeding, corre-
sponding to 0.7% of the total material of 450 CEAs,
which is in accordance with other reports.10
The risk for a sustained hyperperfusion syn-
drome has been reported to be high in patients with
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Table II. ICA diameter reduction (percentage ± 1 SD, selective carotid angiography) in patients with early
complications after CEA (S-group) and control subjects (C-group)*
Diameter reduction C-group S-group† S-group (major stroke)†
Ipsilateral ICA 85 ± 7 (42) 84 ± 11 (14; P < .9) 88 ± 8 (6; P < .8)
Contralateral ICA 59 ± 31 (42) 58 ± 36 (14; P < .3) 66 ± 41 (6; P = .1)
*In addition, a subgroup of patients with early postoperative major strokes is shown. Differences between the C-group and each symp-
tomatic group did not reach statistical significance.
†Number of observations and P-values are given in parentheses.
Table III. Absolute values of maximum end Vd
(centimeters per second) and Vd expressed in per-
cent of maximum systolic flow velocity (Vd/Vs,
percent) within ipsilateral ICA stenosis before
CEA*
C-group Minor stroke/TIA/AFX Major stroke
Vd 190 ± 80 (42) 172 ± 76 (8) 300 ± 28† (6)
Vd/Vs 41 ± 12 (42) 42 ± 12 (8) 56 ± 4‡ (6)
StPs 45 ± 18 (42) 41 ± 10 (8) 26 ± 7§ (6)
StPd 30 ± 11 (32) 29 ± 11 (6) 20 ± 9 (4)
All values are mean ± 1 SD. The number of observations are given
in the parentheses.
*The intraoperative systolic and diastolic stump pressures (StPs
and StPd, respectively, in millimeters of Mercury) are also shown.
Patients with early postoperative complications (S-group) are
compared with control subjects (C-group). The patients in the S-
group are further divided in two subgroups: patients with early
minor stroke, TIA, and AFX and patients with early postoperative
major stroke.
†P < .01 versus control patients.
‡P < .001 versus control patients.
§P < .05 versus control patients.
P < .085 versus control patients.
long-standing high-grade stenosis, combined with
poor recruitment of collateral cerebral blood flow
through the circle of Willis.4,11 In these patients,
one can observe the highest pressure gradients over
the ICA stenosis,11 and the lowest stump pressures,
which suggests that CEA is performed under condi-
tions of limited cerebral vascular blood flow and
with defects in cerebrovascular autoregulation.12,13
At our center, the same experienced vascular sur-
geon (J. H.) performed most of the CEAs. A non-
shunting policy of the institution was used in the
whole-patient material. All patients undergo opera-
tion under general anesthesia, including brain protec-
tive agents like thiopentone and isoflurane. To use a
shunt or not is a controversial issue. A shunt may
diminish the risk of hypoperfusion, but in contrast it
may also increase embolic risks. Severe adverse reac-
tions occurred in only 1.3% among the 450 CEAs
performed at our center from 1987 through 1996.
Similarly Frawley et al14 did not use perioperative
shunts in 54 patients who underwent CEA with con-
tralateral ICA occlusion. In these patients, an increase
in neurologic complications did not occur.14 The
authors suggested that the thiopental sodium anes-
thesia had been brain-protective during CEA. 
Because nearly one half of our early postoperative
complications were major strokes, we reviewed the
preoperative clinical state and the outcome of various
investigations in an effort to identify signs of
increased risk for severe postoperative complications.
The finding was that Vd within the ICA stenosis was
higher in the six patients with major stroke as com-
pared with the C-group and the patients of the S-
group with minor stroke/TIA/AFX. In addition, we
found a correlation between Vd within the ICA steno-
sis and StPd in all patients with angiographic ICA
stenosis of 75% or more. The control and the symp-
tomatic groups did not differ with respect to other
possible risk factors15 for early postoperative strokes,
which, however, might partly depend on the small
sample size of patients with serious complications.
The end Vd in ICA has previously not been relat-
ed to the collateral back pressure, despite observa-
tions by Busuttil et al16 and Spadone et al,17 who
found elevated peak systolic and end Vd in ICA in
patients with severe contralateral disease. Instead, Vd
has been used to distinguish between lower and high-
er grade of ICA stenosis.5,18-20 However, Schwartz et
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Fig 1. Linear regression between the preoperative maxi-
mum flow velocity in ICA at end Vd and perioperative
StPd measurements. Patients with ICA diameter reduction
of 75% or more (selective angiography) are included. Vd is
significantly correlated to StPd. Vd = –(0.03 ± 0.01) StPd
+ (2.96 ± 0.32); n = 37 patients; R = 0.42; P(slope) < 0.012
(± 1 SEE). 
Fig 2. Schematic model of the influence of a collateral
pathway on the poststenotic blood pressure and blood
flow velocity in high-graded arterial stenosis. The upper
part of the drawing shows the pressure gradients and flow
velocities within high-graded stenosis without the influ-
ence of collateral contributions. In this case, high-pressure
gradients and high-flow velocities are expected within the
stenosis. The lower part of the drawing shows poststenot-
ic collateral flow that contributes to the volume flow
downstream to the same stenosis. Two pressure heads,
which might be out of phase, likely contribute to a higher
(compared with the upper part) and more damped post-
stenotic dynamic pressure. In this case, rather low flow
velocities (especially relatively low diastolic velocities) are
expected within the stenosis. 
al21 suggested that the peak systolic flow velocity is
the best single Doppler scanning parameter for dis-
tinguishing severe from lower grades of carotid
stenoses.
Obviously high end Vd is related to a substantial
diastolic pressure fall over the ICA stenosis, but
only when combined with low diastolic collateral
back pressure (Fig 2). High collateral back pressure
may overrule the anterograde directed poststenotic
diastolic pressure head, thus decreasing the diastolic
pressure gradient over the stenosis and thereby
diminishing the Vd. The diastolic pressure gradient
may be most affected because collateral pressures
and flows are damped in comparison with the sys-
temic blood pressure and flow oscillations.
Therefore hemodynamic situations might occur, in
which high systolic blood pressure gradients may
result in high systolic velocities that indicate high-
grade stenosis,7 but with collateral diastolic pressure
equilibrium over the stenosis and therefore low Vd.
Low stump pressures and high Vd within ICA may
therefore have the same cause (ie, high-grade
carotid artery stenosis combined with poor collater-
al capacity within the circle of Willis, which are the
known risk factors for the sustained hyperperfusion
syndrome). The inverse correlation between Vd
within high-grade ICA stenosis and StPd (Fig 1) is
in accordance with such an assumption. 
The correlation between StPd and Vd might have
been higher, if one would be able to express StPd in
relation to the actual systemic diastolic blood pres-
sure. Unfortunately, diastolic blood pressure data
were not available in this retrospective study. Also
our Vd measurements may deal with a methodolog-
ic error, because most of our Duplex scanning inves-
tigations were performed with the intention of
determining maximum Vs only. Consequently Vd
might be underestimated in some patients.
Of the 56 patients included into this study, Vd
exceeded 50% of Vs in 15 cases (27%). This group
showed, in general, low StPd. In addition, all six major
strokes, one minor stroke, and one AFX were found
within these 15 patients. Therefore one can assume
that Vd/Vs of more than 50% might point to patients
with a higher risk for perioperative stroke. This should,
however, be a matter of further prospective studies.
In this study, some patients with ICA stenoses of
more than 75% had rather low Vd and low StP. An
explanation might be additional distal ICA disease
(ie, tandem stenoses, which may reduce Vd and
StPd). In other patients, it might be difficult to mea-
sure the true intravascular pressure, if the catheter
tip is accidentally placed against plaque formations,
portions of the vessel wall, or even within the differ-
ent vessel wall layers. 
In conclusion, the end Vd in severe ICA stenosis
may not only be determined by the grade of steno-
sis itself but also be influenced by the collateral back
pressure, which is maintained by the sum of all
intracranial collateral pathways. Relatively high Vd in
severe ICA stenosis may indicate low StP because of
poor intracranial collateral flows and an increased
risk for severe postoperative strokes.
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